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A b s t r a c t :  T h i s  paper d e t a i l s  t h e  computer hardware 
and s o f t w a r e  i n t e g r a t e d  t o  p r o v i d e  compu te r -ass i s ted  
c o n t r o l  and m o n i t o r i n g  o f  f o u r  d i f f e r e n t  coa l  m in ing  
machines. The backbone o f  each system i s  a  U. S .  
Bureau o f  Mines i n t e g r a t e d  d i s t r i b u t e d  microcomputer 
c o n t r o l  network  c a l l e d  BOM/NET. The network  p r o v i d e s  
connec t i ons  f o r  i n t e l l i g e n t  sensors and systems t h a t  
p r o v i d e  f o r  n a v i g a t i o n ,  d i a g n o s t i c s ,  and computer 
c o n t r o l .  Many d i f f e r e n t  computer systems u s i n g  
v a r i o u s  o p e r a t i n g  systems ( i n c l u d i n g  RMX I, UNIX, 
VXWORKS, DOS and DCX51) have been connected t o  t h e  
network  and each have had comple te  network  
f u n c t i o n a l i t y .  A  d e s c r i p t i o n  o f  t h e  ne twork ' s  
i n t e g r a t i o n  t o  Joy'  16CM, a  Joy 14CM, a  J e f f r e y  102, 
con t i nuous  m i n i n g  machines, and a  custom b u i l t  auger 
machine i s  p r o v i d e d .  The networks  f o r  t h e  Joy 16CM, 
t h e  Joy 14CM, and t h e  J e f f r e y  102 have been i n s t a l l e d  
and e x t e n s i v e l y  t e s t e d  a t  t h e  Bureau's s u r f a c e  t e s t  
f a c i l i t y .  The J e f f r e y  102 system has a l s o  been t e s t e d  
i n  a  h i g h w a l l  coa l  seam. The Joy 14CM w i l l  soon be 
t e s t e d  underground. 
I n t r o d u c t i o n  
An approach o f  t h e  U.S. Bureau o f  Mines f o r  
m i n i m i z i n g  worker  exposure t o  s a f e t y  hazards i n h e r e n t  
i n  m i n i n g  i s  t o  i n v e s t i g a t e  and e v a l u a t e  new 
techno logy  t h a t  w i l l  move t h e  m ine rs  f rom t h e  
immediate area where dangerous t a s k s  a r e  per formed.  
I n  a d d i t i o n ,  t h i s  t echno logy  has t h e  p o t e n t i a l  t o  
improve t h e  p r o d u c t i o n  r a t e  o f  e x i s t i n g  con t i nuous  
m i n e r ' s  (CM's) by  i n c r e a s i n g  t h e i r  e f f i c i e n c y  and 
r e d u c i n g  down t imes .  The Bureau's resea rch  e f f o r t s  
towards these  g o a l s  have been enhanced by t h e  c r e a t i o n  
o f  a  r e a l - t i m e  c o n t r o l  network .  The network  enables  
compu te r -ass i s ted  m in ing  by a l l o w i n g  many d i v e r s e  
computer and sensor systems t o  i n t e r a c t  d u r i n g  t h e  
m i n i n g  process.  The work i n v o l v e s  numerous resea rch  
areas i n c l u d i n g  n a v i g a t i o n ,  h y d r a u l i c  and e l e c t r i c a l  
d i a g n o s t i c s ,  coa l  i n t e r f a c e  d e t e c t i o n ,  and v o i c e  
c o n t r o l .  A  b i b l i o g r a p h y  of  p e r t i n e n t  Bureau papers 
r e l a t e d  t o  t h i s  resea rch  i s  g i v e n  a t  t h e  end o f  t h i s  
paper .  A  commerc ia l l y  a v a i l a b l e  d i s t r i b u t e d  r e a l  - 
t i m e  c o n t r o l  network  c a l l e d  BITBUS ( I n t e l )  was chosen 
as t h e  backbone f o r  t h e  Bureau's network  (BOM/NET). 
BITBUS was s e l e c t e d  because o f  i t s  l ow  cos t ,  
r e l i a b i l i t y ,  s i m p l i c i t y  o f  o p e r a t i o n  and maintenance, 
and a v a i l a b i l  i t y  f rom a  mu1 t i t u d e  o f  vendors.  
Re1 i a b i l  i t y  i s  o f  ma jo r  impor tance i n  a  CM c o n t r o l  
system because t h e  CM be ing  c o n t r o l l e d  can weigh up t o  
50 tons  and can v i r t u a l l y  r i p  t h rough  a n y t h i n g  i n  i t ' s  
pa th .  The need f o r  re1  i a b i l i t y  i s  obv ious.  Be ing a  
d i s t r i b u t e d  network  a r c h i t e c t u r e ,  BITBUS i s  i n h e r e n t l y  
more r e l i a b l e  than  a  s i n g l e  computer system because i f  
one computer f a i l s ,  t h e  remain ing computers can s t i l l  
f u n c t i o n .  It a l s o  l o c a l i z e s  t h e  prob lem area thus  
exped i tes  t h e  d i a g n o s t i c  process.  An a d d i t i o n a l  
advantage o f  t h e  d i s t r i b u t e d  a r c h i t e c t u r e  i s  t h a t  i t  
has much l e s s  d i f f i c u l t y  responding t o  t h e  e x t e r n a l  
env i ronment  because t h e r e  i s  l e s s  f o r  each p a r t  o f  t h e  
'Use o f  manufacturers names i s  f o r  i d e n t i f i c a t i o n  
o n l y  and does n o t  i m p l y  endorsement by t h e  Bureau o f  
Mines. 
network  t o  manage. S i m p l i c i t y  o f  o p e r a t i o n  and 
maintenance i s  r e q u i r e d  s i n c e  most mine maintenance 
and suppor t  personnel  have l i m i t e d  computer t r a i n i n g .  
The m u l t i t u d e  o f  vendors who can supp ly  BITBUS boards 
shou ld  s i m p l i f y  secu r ing  spare p a r t s  when f a i l u r e s  
occur ,  and t h e  c o m p e t i t i o n  shou ld  keep t h e  p r i c e s  
r e a l  i s t i c .  
BITBUS De f ined  
BITBUS [l] i s  d e f i n e d  a t  f o u r  l e v e l s :  e l e c t r i c a l  
i n t e r f a c e ,  d a t a  l i n k  p r o t o c o l ,  message p r o t o c o l ,  and 
appl i c a t  i on. 
The BITBUS e l e c t r i c a l  i n t e r f a c e  i s  based on t h e  
RS-485 s tandard .  T h i s  s tandard p r o v i d e s  m u l t i - n o d e  
suppor t  ove r  a  t w i s t e d  p a i r  l i n e .  The BITBUS 
e l e c t r i c a l  i n t e r f a c e  suppor t s  up t o  28 nodes on a  
c a b l e  segment, w i t h  up t o  250 nodes i n  a  f u l l y  loaded 
network  u s i n g  repea te rs  between c a b l e  segments. 
The BITBUS d a t a  l i n k  p r o t o c o l  i s  based on a  subset  
o f  t h e  IBM Synchronous Data L i n k  Con t ro l  (SDLC) 
s tandard.  SDLC i s  a  proven r e l i a b l e  p r o t o c o l  f o r  
i n t e r c o n n e c t i n g  a  master  node t o  m u l t i p l e  s l a v e  nodes 
i n  a  m u l t i d r o p  topo logy .  The s tandard d a t a  l i n k  f rame 
fo rma t  suppor t s  node address ing,  d a t a  l i n k  c o n t r o l  
f u n c t i o n s ,  message t r a n s f e r  and e r r o r  d e t e c t i o n .  
BITBUS messages a re  t r a n s f e r r e d  i n  t h e  i n f o r m a t i o n  
f i e l d  (see f i g u r e  1 )  o f  t h e  frame. The i n f o r m a t i o n  
f i e l d  i s  d e f i n e d  by t h e  BITBUS message p r o t o c o l .  The 
d a t a  l i n k  p r o t o c o l  suppor t s  message t r a n s f e r ,  w i t h  
t h i s  f rame fo rma t  i n  two ways: b i t  e r r o r  d e t e c t i o n  i n  
t h e  frame check sequence (FCS) f i e l d  and sequencing o f  
t r a n s f e r s  i n  t h e  c o n t r o l  f i e l d .  The FCS f i e l d  
c o n t a i n s  a  1 6 - b i t  c y c l i c  redundancy check (CRC) used 
t o  d e t e c t  b i t  e r r o r s  on t h e  l i n k .  Any node r e c e i v i n g  
a  frame w i t h  an i n v a l i d  CRC igno res  i t  s i n c e  t h e  cause 
o f  t h e  e r r o r  i s  unknown. I f  t h e  e r r o r  was i n  t h e  
address f i e l d ,  t h e  wrong node o r  even mu1 t i p l  e  nodes 
may have r e c e i v e d  t h e  message. The master  node 
recove rs  f rom t h i s  c o n d i t i o n  a u t o m a t i c a l l y  by t i m i n g  
o u t  on t h e  s laves  response. I f  t h i s  t i m e  o u t  occurs ,  
t h e  t r a n s f e r  i s  a u t o m a t i c a l l y  t r i e d  a  second t ime .  
The BITBUS message p r o t o c o l  i s  d e f i n e d  w i t h i n  t h e  
d a t a  l i n k  p r o t o c o l  ( f i g u r e  1 )  and i s  u s u a l l y  20 b y t e s  
l o n g .  I t  de f i nes  t h e  message s t r u c t u r e  f o r  t h e  
i n f o r m a t i o n  f i e l d  and t h e  o r d e r / r e p l y  mechanism f o r  
communicat ion between t a s k s  (a  t a s k  i s  g e n e r a l l y  
cons ide red  t o  be an i n s t a n c e  o f  a  program i n  
e x e c u t i o n )  on t h e  master  node and t a s k s  on t h e  s l a v e  
nodes. The message fo rma t  p rov ides  an address ing 
mechanism t o  r o u t e  messages t o  a  s p e c i f i c  t a s k  on a  
s p e c i f i c  processor  a t  a  s p e c i f i c  node. 
A p p l i c a t i o n  t a s k s  conform t o  t h e  message pass ing  
p r o t o c o l .  I n  genera l  these t a s k s  a re  d e f i n e d  
acco rd ing  t o  t h e  a p p l i c a t i o n  requ i remen ts .  One 
a p p l i c a t i o n  t a s k  however, i s  d e f i n e d  i n  every  network  
node. I t  i s  c a l l e d  t h e  Remote Access and C o n t r o l  
(RAC) t a s k .  T h i s  RAC t a s k  i n t e r f a c e  a l l o w s  o p e r a t i o n  
o f  a  BITBUS system w i t h o u t  any o t h e r  s p e c i f i c  
a p p l i c a t i o n  t a s k  a t  t h e  s l a v e  node. The BOM/NET 
implementat ion o f  BITBUS, however uses t h e  RAC t a s k  a t  
every  node and a d d i t i o n a l  t a s k s  which w i l l  be 
d e s c r i b e d  l a t e r  on i n  t h i s  paper.  
The Bureau a l s o  c r e a t e d  a  d a t a  packet  encoding 
scheme c a l l e d  "BOM/NET p r o t o c o l "  t h a t  s tandard i zed  t h e  
i n t e r c h a n g i n g  o f  commands and d a t a  between t h e  nodes 
o f  BOM/NET. The BOM/NET pro toco l  i s  d e f i n e d  w i t h i n  
t h e  BITBUS message p ro toco l  (see f i g u r e  l), and 
employs o n l y  t h e  command/response and da ta  f i e l d s  o f  a  
packet.  Each o f  t h e  bytes i n  those f i e l d s  a r e  
assigned t o  represent  data s p e c i f i c  t o  a  node. Most 
nodes at tached t o  BOM/NET have a  unique s e t  o f  
c a p a b i l i t i e s ,  each p r o v i d i n g  some l e v e l  o f  c o n t r o l  o f  
a  device, o r  each p r o v i d i n g  some type  o f  data from a  
sensor package. 
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Figure 1. - BITBUS Data L i n k  Frame 
Network Hardware 
Each node i n  t h e  Bureau's implementat ion o f  BITBUS 
( c a l l e d  BOM/NET) c o n s i s t s  o f  a  microprocessor board 
t h a t  i s  con f igu red  t o  p rov ide  a  system func t ion ,  o r  i t  
~ r o v i d e s  a  connect ion t o  an ex te rna l  c o m ~ u t e r  sVstem 
khat  prov ides some system f u n c t i o n .  ~ a c h  BITBUS board 
i s  based on a  c e n t r a l  processing u n i t  (CPU) c a l l e d  t h e  
I n t e l  8044 m i c r o c o n t r o l l e r .  The 8044 i s  a  member o f  
t h e  I n t e l  8051 m i c r o c o n t r o l l e r  fami l y .  The 8044 
prov ides a  8051 CPU core and a  s e r i a l  i n t e r f a c e  u n i t  
(SIU). The SIU i s  an independent processor t h a t  
prov ides t h e  SDLC pro toco l  d i r e c t l y  i n  hardware, which 
o f f  loads t h e  8051 o f  a l l  r o u t i n e  communication 
overhead, a l l o w i n g  i t  be dedicated t o  c o n t r o l  
func t ions .  The two processors communicate through a  
t ime  mu l t ip lexed  two-por t  random accessed memory (RAM) 
area. Th is  permi ts  bo th  processors t o  r u n  
c o n c u r r e n t l y  a t  t h e i r  f u l l  c l o c k  speed o f  12 MHz 
( i n s t r u c t i o n  c y c l e  i s  1 microsecond). The 8044 a l s o  
inc ludes  a  small ( 2  kbytes) r e a l  - t i m e  m u l t i t a s k i n g  
opera t ing  system i n  read o n l y  memory (ROM) c a l l e d  
iDCX51 which prov ides t h e  BITBUS message passing 
p ro toco l  and t h e  RAC t a s k  which was p r e v i o u s l y  
discussed. iDCX51 and t h e  RAC t a s k  begin execut ing as 
soon as power i s  app l ied  t o  the  board. The 
communication speed o f  the  network as i t  i s  con f igu red  
f o r  BOM/NET i s  375 k i l o b i t / s e c .  
The nodes, i n c l u d i n g  t h e  e x t e r n a l l y  connected computer 
systems, are g e n e r a l l y  c l a s s i f i e d  as a  sensor t ype  (a 
node t h a t  prov ides sensor outputs) ,  a  c o n t r o l  t ype  (a 
node t h a t  prov ides c o n t r o l  o f  a  dev ice) ,  o r  a  p lanner  
t ype  (a node t h a t  d i r e c t s  t h e  min ing process). 
A d d i t i o n a l l y ,  each i s  designed t o  be as i n t e l l i g e n t  
and as s e l f  s u f f i c i e n t  as poss ib le .  Th is  i n  e f f e c t  
minimizes t h e  amount o f  data t h a t  must be passed 
between nodes, f a c i l i t a t i n g  the  h ighes t  l e v e l  o f  r e a l  - 
t ime  performance. The network i n t e g r a t e d  f o r  the  
Bureau's research tes tbed  ( t h e  Joy 16CM) i s  shown i n  
f i g u r e  2. ,6[ 1 
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F igure  2. - Joy 16CM Network 
On power-up, each o f  the  BITBUS nodes are 
a u t o m a t i c a l l y  i n i t i a l i z e d  ( i n c l u d i n g  the  RAC task )  
under t h e  d i r e c t i o n  o f  t h e i r  b u i l t - i n  iDCX51 opera t ing  
system. Then, each nodes b u i l t - i n  a p p l i c a t i o n  
programs begin executing. Some BOM/NET nodes have 
personal ized a p p l i c a t i o n  tasks,  and some nodes a re  
f u n c t i o n a l l y  t h e  same as others,  except f o r  t h e i r  
numerical network assignment. The s p e c i f i c s  o f  each 
node f o l  1 ows . 
The CM Node 
The CM node i s  a  s i n g l e  BITBUS card t h a t  prov ides 
computer c o n t r o l  o f  a l l  t h e  movable p a r t s  o f  t h e  CM. 
A d d i t i o n a l l y ,  i t  prov ides access t o  a l l  sensor-based 
machine data. The CM node software tasks inc lude  a  
communications handler,  a  command processor, an open- 
loop  c o n t r o l l e r ,  a  c losed- loop c o n t r o l l e r ,  and a  watch 
dog t imer .  The communications handler  s imply  prov ides 
communications w i t h  t h e  master node. The command 
processor has t h e  f u n c t i o n  o f  i n t e r c e p t i n g  a l l  packets 
rece ived  from t h e  network through t h e  communications 
handler .  It e x t r a c t s  t h e  command from t h e  packet and 
executes i t  o r  causes t h e  a c t i v a t i o n  o f  another task .  
It a l s o  has t h e  r e s p o n s i b i l i t y  o f  p r o v i d i n g  an 
acknowledgment t o  t h e  t r a n s m i t t i n g  node. The open- 
loop  c o n t r o l l e r  prov ides t imed c o n t r o l  o f  se lec ted  
devices o f  t h e  CM, i n c l u d i n g  t h e  tramming func t ions .  
The c losed- loop c o n t r o l l e r  prov ides t h e  movement o f  
se lec ted  CM appendages t o  p o s i t i o n s  r e l a t i v e  t o  t h e  CM 
mechanical frame. The appendage p o s i t i o n  i s  v e r i f i e d  
by a  sensor t h a t  i s  mechanica l ly  l i n k e d  t o  t h e  
appendage. The f i n a l  t a s k  o f  t h e  CM node i s  the  
watchdos t i m e r  task .  Th is  t a s k  i s  s i m ~ l v  a  t i m e r  task  
BOM/NET Def ined t h a t  toggles an e x t e r n a l l y  connected system s t a t u s  
device. I f  t h e  network l o c k s  up o r  f a i l s  f o r  any 
BOM/NET was b u i l t  t o  t i e  together  a  v a r i e t y  o f  reason, t h e  e x t e r n a l l y  connected hardware d isconnects  
systems so t h a t  they  cou ld  i n t e r a c t  w i t h  one another t h e  power t o  t h e  CM. 
i n  an exped i t i ous  manner w h i l e  c o n t r o l l i n g  a  CM. Each 
node o f  t h e  network i s  a e n e r a l l v  comoosed o f  a  s i n a l e  A BOM/NET Gateway Node 
BITBUS board dedicated i o  one system' f u n c t i o n  o r  a- 
s i n g l e  BITBUS board t h a t  prov ides a  connect ion ( o r  A  BOM/NET Gateway prov ides a  s e r i a l  (RS 232) 
gateway) t o  an external ly-connected computer system. connect ion from an e x t e r n a l l y  connected computer t o  
BOM/NET. The so f tware  t a s k s  f o r  a  gateway node 
i n c l u d e  a  communications hand le r ,  a  s e r i a l  i n p u t  t a s k ,  
and a  s e r i a l  o u t p u t  t a s k .  The communications h a n d l e r  
t a s k  o n l y  p rov ides  communications w i t h  t h e  master  
node. The s e r i a l  i n p u t  t a s k  accepts  d a t a  f rom i t s  
s e r i a l  i n p u t  p o r t  a t  9600 baud. The incoming d a t a  a r e  
t e s t e d  f o r  v a l i d i t y .  I f  a l l  t h e  d a t a  a re  v a l i d ,  t h e  
s e r i a l  i n p u t  t a s k  t e l l s  t h e  communications h a n d l e r  
t h a t  i t  has d a t a  t o  send. The s e r i a l  o u t p u t  t a s k  
s imp ly  takes  f rom t h e  communicat ions hand le r  any 
command o r  d a t a  d i r e c t e d  t o  t h e  node f rom t h e  network ,  
and sends i t  o u t  t h e  s e r i a l  p o r t  a t  9600 baud. It i s  
i m p o r t a n t  t o  n o t e  t h a t  a l l  system acknowledgments and 
command p rocess ing  end up be ing  t h e  r e s p o n s i b i l i t y  o f  
t h e  computer system connected t o  t h e  BOM/NET Gateway. 
The Gyro N a v i q a t i o n  Node 
The GYRO NAVIGATION Node [ 2 ]  p r o v i d e s  t h e  CM w i t h  
f a c e  n a v i g a t i o n ,  employing a  gyroscope and 
c l i n o m e t e r s .  It i s  b u i l t  on a  s i n g l e  BITBUS c a r d .  
D e t a i l s  o f  t h i s  node a r e  documented i n  t h e  
acknowledged r e f e r e n c e .  The Gyro N a v i g a t i o n  Node i s  
one o f  a  c o l l e c t i o n  o f  f ace  n a v i g a t i o n  systems t h a t  
a r e  be ing  eva lua ted  t o  determine which i s  t h e  most 
a p p r o p r i a t e  and f e a s i b l e .  
The Laser  N a v i q a t i o n  Node 
The Laser  N a v i g a t i o n  node i s  a  BOM/NET Gateway t o  
a  Heur ikon computer ( u s i n g  VxWORKS) t h a t  i s  b e i n g  used 
t o  deve lop a  l ase r -based  f a c e  n a v i g a t i o n  system [ 3 ] ,  
f o r  t h e  m i n i n g  machine. D e t a i l s  o f  t h i s  node a re  
documented i n  t h e  acknowledged re fe rence .  
The L i n e a r  D i s ~ l a c e m e n t  Dev ice N a v i q a t i o n  Node 
The L i n e a r  Displacement Dev ice N a v i g a t i o n  node i s  
a  f a c e  n a v i g a t i o n  system [ 4 ]  t h a t  employs l i n e a r  
d isp lacement  dev i ces  which a re  a t tached  t o  t h e  CM and 
t h e n  t o  a  m o b i l e  suppor t  s t r u c t u r e .  I t  i s  b u i l t  on a  
s i n g l e  BITBUS ca rd .  D e t a i l s  o f  t h i s  node a r e  f u l l y  
documented i n  r e f e r e n c e  [ 4 ] .  
The RODNE Node 
The Remote Operator  and D i a g n o s t i c  Node (RODNE) i s  
a  handheld,  p o r t a b l e ,  b a t t e r y  operated BITBUS t e r m i n a l  
w i t h  a  b u i l t  i n  LCD screen and keypad. I t  can be 
a t t a c h e d  t o  any p o i n t  a long  t h e  BOM/NET t w i s t e d  p a i r  
l i n e .  P r i m a r i l y ,  i t s  purpose i s  t o  d iagnose BOM/NET 
system problems, such as i n d i v i d u a l  f a i l e d  nodes o r  
complete network  f a i l u r e .  Secondly,  i t  has b u i l t - i n  
a p p l i c a t i o n  programs t h a t  can f u l l y  i n i t i a l i z e  and 
ope ra te  t h e  CM i n  a  menu d r i v e n  manner, o r  even i n  a  
comp le te l y  automat ic  manner. 
The Voice 1/0 Node 
The v o i c e  1/0 node i s  a  BOM/NET Gateway t h a t  
connects  a  speaker-dependent v o i c e  r e c o g n i t i o n  system 
[5 ]  ( u s i n g  t h e  DOS o p e r a t i n g  system) and a  v o i c e  
s y n t h e s i z e r  t o  t h e  network  [ 6 ] .  A lgo r i t hms  b u i l t  i n t o  
t h e  v o i c e  r e c o g n i t i o n  system enable  a  human o p e r a t o r  
t o  v e r b a l l y  i n t e r a c t  w i t h  a l l  t h e  nodes o f  t h e  
network .  The v o i c e  s y n t h e s i z e r  p rov ides  v o i c e  
messages f o r  many system f u n c t i o n s .  
The AMREDS Node 
The Autonomous M in ing  Research and Development 
System (AMREDS) node [7 ]  i s  a  BOM/NET Gateway t o  a  Sun 
Works ta t i on .  The Sun Works ta t i on  ( u s i n g  t h e  UNIX 
o p e r a t i n g  system) serves as a  system v i e w p o r t ,  a  
manual command cen te r ,  an environment f o r  s c r i p t  
deve l  opment, a  developmental  p l  a t f o r m  f o r  c o n t r o l  
programs, a  g r a p h i c a l  d i s p l a y  d e v i c e  f o r  t h e  CM 
appendage p o s i t i o n s  d u r i n g  ope ra t i on ,  and o t h e r  
f u n c t i o n s .  
The Master  Node 
The Master  node a c t s  as manager o f  t h e  network,  
r o u t i n g  t h e  d a t a  f rom node t o  node. I n  t h e  normal 
i n t e g r a t i o n  o f  BITBUS, t h e  master node s e q u e n t i a l l y  
p o l  1  s  each node i n  t h e  network  and processes d a t a  
acco rd ing  t o  i t s  program d i r e c t i v e .  The Bureau's 
implementat ion o f  BITBUS (BOM/NET) l o c k s  t h e  master  
i n t o  o n l y  hand l i ng  communications between nodes. T h i s  
scheme p resen ts  an i l l u s i o n  t o  t h e  i n d i v i d u a l  nodes 
t h a t  makes i t  seem l i k e  every  node can communicate t o  
eve ry  o t h e r  node. I n  r e a l i t y ,  however, t h e  one master  
node i s  p o l l i n g  each s l a v e  node and ask ing  i t  t o  which 
node i t  would l i k e  t o  t a l k  o r  respond. The 
implementat ion o f  t h i s  scheme r e q u i r e s  each s l a v e  t o  
d e d i c a t e  one a p p l i c a t i o n  t a s k  t o  communications 
hand1 i ng . 
Opera t i nq  t h e  M in inq  Machine Us inq BOM/NET 
Many CM c o n t r o l  scenar ios  can be c o n t r i v e d  u s i n g  
BOM/NET. The AMREDS node a p p l i c a t i o n  so f tware  
p r o v i d e s  many modes o f  o p e r a t i o n  i n c l u d i n g  a t  l e a s t  
J o y s t i c k ,  S imu la t i on ,  and S c r i p t i n g .  The J o y s t i c k  
mode a l l o w s  t h e  o p e r a t o r  t o  c o n t r o l  i n d i v i d u a l  p a r t s  
o f  t h e  CM i n  a  mode v e r y  s i m i l a r  t o  t h a t  o f  t h e  human 
o p e r a t o r .  The S i m u l a t i o n  mode a l l o w s  t h e  o p e r a t o r  t o  
c o n s t r u c t  l o n g  s c r i p t s  o f  CM f u n c t i o n s  t h a t  a r e  
per formed s e q u e n t i a l l y  by a  w i re - f rame model o f  t h e  CM 
on t h e  o p e r a t o r ' s  l o c a l  m o n i t o r .  None o f  t h e  commands 
i n  t h e  S i m u l a t i o n  mode ever  go t o  t h e  CM. The p r imary  
mode used t o  ope ra te  t h e  CM i s  t h e  S c r i p t i n g  mode 
p r o v i d e d  by AMREDS. The S c r i p t i n g  mode a l l o w s  t h e  
o p e r a t o r  t o  s e l e c t  f rom any number o f  p r e v i o u s l y  
c r e a t e d  s c r i p t s .  Once a  s c r i p t  i s  s e l e c t e d  and 
a c t i v a t e d ,  t h e  CM per forms t h e  s c r i p t .  S c r i p t s  can 
c o n t a i n  complete power-up and coa l  p r o d u c t i o n  c y c l e s  
as we1 1  as CM shutdown. The s c r i p t s  access n a v i g a t i o n  
d a t a  and i n s u r e  t h a t  t h e  CM i s  kep t  on i t s  p r e -  
p lanned pa th .  The s c r i p t  can be dynamica l l y  a1 t e r e d  
i f  c o n d i t i o n s  d u r i n g  t h e  m in ing  process change. The 
o p e r a t o r  of  t h e  system can watch t h e  o u t p u t s  o f  a l l  
t h e  env i ronmenta l  systems o f  t h e  CM, as p r o v i d e d  on 
t h e  AMREDS mon i to r ,  t o  i n s u r e  a l l  systems a r e  
f u n c t i o n i n g  p r o p e r l y .  The o p e r a t o r  can s t o p  any 
a c t i v e  process by h i t t i n g  any key on t h e  AMREDS node 
keyboard. 
The v o i c e  1/0 node can a l s o  be used t o  c o n t r o l  t h e  
CM v i a  BOM/NET. The o p e r a t o r  can command i n d i v i d u a l  
p a r t s  o f  t h e  CM o r  execute  s c r i p t  f i l e s  by speaking 
t h e  a p p r o p r i a t e  v o i c e  command. Other  use rs  can use 
v o i c e  c o n t r o l  s imp ly  by l o g g i n g  on and l o a d i n g  t h e i r  
v o i c e  a p p l i c a t i o n  program. The v o i c e  o u t p u t  p o r t i o n  
o f  t h i s  node can be made t o  v e r b a l i z e  a n y t h i n g  i n  i t s  
d a t a  base. Any node connected t o  BOM/NET can be 
accessed by t h e  v o i c e  1/0 node, and any node can 
d i r e c t  t h e  v o i c e  1/0 t o  v e r b a l i z e  any canned messages 
con ta ined  w i t h i n  i t .  
The techn iques  desc r ibed  i n  t h i s  paper t o  p r o v i d e  
computer c o n t r o l  o f  a  CM a r e  n o t  t h e  o n l y  modes i n  
which BOM/NET can be used t o  operate  a  CM; t h e r e  a r e  
many p o s s i b i l i t i e s .  Any node connected t o  BOM/NET, o r  
any computer connected through a  BOM/NET Gateway, has 
t h e  a b i l i t y  t o  command o r  access d a t a  f rom t h e  CM 
th rough  t h e  CM node. The o n l y  requ i rement  t o  do so, 
i s  t o  make packets  conform t o  t h e  BOM/NET p r o t o c o l  
s tandard.  A lso,  n o t e  t h a t  i t  i s  n o t  necessary t o  have 
a  f u l l y  popu la ted  BOM/NET system t o  automate a  CM. I n  
fac t ,  a  s i m p l i f i e d  CM c o n t r o l  system c o u l d  be composed 
of o n l y  one RODNE node and one CM node. 
A Hiqhwall Mininq Svstem 
Demonstration of the inherent capabilities of 
BOM/NET led to a request by another Bureau group [a ]  
for a customized remote control package for a Highwall 
Mining System (HMS). The remote control package was 
required for monitoring and remote control of a 
Jeffrey 102 thin-seam continuous miner and a 76-m long 
multiple-unit continuous haulage system. An artist's 
drawing of the HMS is shown in figure 3. The HMS is 
controlled from a protected human-engineered operator 
station that remains outside of the coal seam being 
mined. The HMS features a laser-based guidance 
system, dual machine-mounted color TV cameras with 
dual operator station-mounted video monitors, a 
complete remote control set for all system functions, 
bar graph sensor display boards, and a complete suite 
of Jeffrey 102-mounted sensors for machine position 
and diagnostics. This implementation of BOM/NET used 
five BITBUS nodes and the same interface hardware as 
the previously described implementation. 
Figure 3. - Highwall Mining System 
An Auqer-Tv~e Hiqhwall Mininq Svstem 
Recently, a BOM/NET implementation has been 
requested for use on an auger-type highwall mining 
system which will use a custom built Auger Miner 
(figure 4). The dual auger-type mining machine 
features on-board auger power provided by large 
electric motors. Attached to the Auger Miner is a 
line of dual augers that transport the coal to the 
outside. Outside the highwall will be an operator 
control station as well as the coal-handling and 
auger-handling equipment. This mining system will 
employ a version of BOM/NET almost identical to the 
one used on the HMS. 
A Field Trial Mininq System Usinq A Continuous Miner 
The Bureau has recently developed a computer- 
assisted mining system using a Joy 14CM. The system 
employs a BOM/NET system that is almost identical to 
the system used on the Joy 16CM. Additional nodes 
will be added to the fundamental network to 
accommodate expanded research activities (see figure 
5). Upon completion of the system (scheduled for July 
1990) it will be transported to a production mine 
where the Bureau developments will be tested 
underground. These tests will identify which of the 
Bureau concepts are most mineworthy and reliable. 
JOY 14CM NETWORK 
Figure 5 .  - Joy 14CM Network 
Conclusions 
The Bureau of Mines has integrated a distributed 
processing network called BOM/NET that enables a 
diverse collection of computers and intelligent sensor 
systems to monitor and control CM's. The installation 
of the network on a minina machine used for research 
has accelerated the collection of data and the 
generation of intelligent navigation and control 
algorithms. The installation of the network on a HMS 
has demonstrated its real-time control capability, and 
its flexibility to adapt to different applications. 
Each of the cited applications have demonstrated that 
the distributed processing and control network 
(BOM/NET) increased the reliability and the 
functionality of the system to which it has been 
attached. 
All of the BOM/NET systems created generally had 
the same operational characteristics. They were all 
constructed from off-the-she1 f microcomputers, 
operating system software, and software compilers. 
The custom part of each system was the application 
programs which the Bureau created to suit the needs of 
the individual mining system. 
The various external computers connected through 
BOM/NET Gateway to BOM/NET systems has shown that 
virtually any computer system can be made to work in 
conjunction with BOM/NET with little effort. 
Conformance to the BOM/NET Protocol is all that is 
required. 
Figure 4. - Auger Mining System 
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